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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte secondary battery having an 
excellent charge-discharge cycle characteristic; and to provide a negative electrode material for a 
nonaqueous electrolyte secondary battery and its manufacturing method capable of realizing the 
secondary battery. 

SOLUTION: This negative electrode material for this nonaqueous electrolyte secondary battery 
can reversibly store and release lithium. Its composition contains a solid phase A and a solid 
phase B different from each other. The negative electrode material for the nonaqueous electrolyte 
secondary battery has a structure where the entire surface or a part thereof around the solid 
phase A is covered with the solid phase B. The negative electrode material is characterized by 
that the solid phase A contains at least one kind of element selected from silicon, tin and zinc; the 
solid phase B contains the at least one kind element, at least one kind of element selected from 
elements in group 2A, transition elements, elements in group 2B, elements in group 3B and 
elements in group 4B; and the solid phase A is in at least one kind of state selected from an 
amorphous state and a low-crystalline state. 
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3° (*&£S (220) (C*ffS) , 56. 1° (igfiB (311) JC xtlS ) . 69. 1° 
( & B b r S ( 4 0 0 ) *f ) *S J: t/ 7 6 . 4 ° (^Si (331) |C *t & ) 
ft « . _h SB tfl © J: 5 ft . BffiA©*ftfflNc»*i-3e—*36S#aE-*-5i§a^ @ *B A ti ,P B 

-4- >H* £fe -r* -fc. n L sa l-° . j. jf -fc *• i a, . , in a r-n -u-. . . , — _ . ... 

i_i t/v hs< w v » -i_ ni-. <- y «- ir II 1/ 'J. » ' « p > U3J w .n. td. / -tr /v y y ^ ^ W. 33 <£ TJ- 1& M 

[ 0 0 3 9 ] 

±!ewAXDco$ij5t{aj£r, 0 l k: 3* -T . 0 i \z fi % 2«!g©i)-V7' , /w & s^tt 
, @ fa a © *a # s i . @^Bw«a^;^STiSi 2 -t?$>^ 0 /^jj, mi-en, io° ~8 

0° ©^IfffofcWAXDaiJ^© 9 gijt LT, 20° ~ 5 5 ° © ffi ffl * ij* ?" . 01 

*© r-a^j x ri^j \ riH^j oia*tt, ^ft^'ft, HffiAWilgfiBfciJ&JRt-a 

B©ef B HciSt5 t'-^©tf Sr^LT^5„ * fc , ^ 7 7 ^ a^t < t 5 t ft |c > 
D- ^^/u 1 <D®mm t * >-^/P 2 © 0 Iff IS ir-e, i/77»-<-^7-Yv$:M^?,fc©i:'b 
Tl^So («at5H2|co^tfe±Bi:PI*©/5 7B«*Si LTV^S. fcfc'L, HI 

III 1 iZTjk-f- X 5 IC, f- V 7° 2 CD m iff Ml ± K ft , @ ffi B CO ^ al ® ^ ^§ JS -f 5 t° - ^ fc* t- 
ft < , @tSAco^ B |®|c:j§«-f-5fc < '— ? t* ^tit^S i i: «s}p^5„ iot, D~ ^ zf 
/V-2©@*gAt2. fcfcSr^tfttMfcifeSi:^;*.*,, -2r, t>- V ^ ^ 1 © HJ Iff g£ ± (C f* , @ 
*B B © B B B B [c J| "T 5 t° - ^ »t 5% $ ft T 5 t © © , @ fg A (£ 'j» JR 5 t° - 7 fi * £ ft 
(S f- , HttAiSfeaSr^tfttffiTfciitf, D- v 7°yu 2 T-^ $ jit @ ffi A co 

« A ffi iz m m -t z> f - ^ t m & m c » a ^ «■ ar da^w^cjMUBjftia) fctr-* a* 

tf*x54>ft<<hfcl«©4£filc;fc5£^;?:5 0 /ifc, fy7*/H i: 2©P>K% HtgBco,^ 
[ 0 0 4 0 ] 

Aitt^troiftAfciOtitSBCia^li, ^jKLtf, EDX (i^y^-^fiix 
Bftytm (EDSH^P) ) ft if J: 9 8J 6 T* t 5 „ 
[ 0 0 4 1 ] 

*^B^c75^7KS<5?K-^m^ffl A«*t»tt, *fc, HtBAtfS, x*J 5 n m~ 1 

0 0 nm©©ilCfe5g a a B ©«ItfeottiVN 0 
[ 0 0 4 2 ] 

±E©AItt»i:t5:tT?, A*tt»*Li*»jK-f-5|iSt:: % HffiAW^aic^v^^ 
^W)Sr^ B B B^-Wco«L#^t ,> >-it*$-a:, *fe^ 1 f , JtLCO^^S:itl]®J-f^ri^x-^.5 0 JifE© 

[ 0 0 4 3 ] 
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Af*l<Dif£M 1 Tffl<DlfiL&fc&b\c&<ti:Z>-tX^ tc , @tBA4>o^;^-e^tt^{g:T-r-5 
■BTlgtt^foS. ®f g^tt/5ifTt5i > i§ « ffi a* ± #?• L , m?&£iS:<£>{g;T£ffl<^lBgt!fe 

^ ifc 5 o 

[0 0 4 4 ] 

BffiA<^^^iF-f--('Xli % #J * tt\ ±ieWAXDffiiJj^{C<J:>3**-5ri:75S-Ct-5o ± IE <£> 

ScherrerCD^: ( ^ T O 3t (1) ) Sr®fflLT*fenfi<};^o 
[ 0 0 4 5 ] 

5 c h e r r e r OSlCiJlli, III AO^If f-f li> 10 
'^Sft'f XD (nm) = 0. 9X1/ ( 0 X c o s 0 ) ( 1 ) 

-e # x. <b it 5 . fcfc'L, ±iE5£ (i) tcis^T, 

A=X|^i6S(nm) (CuKaOi^, 1. 5405nm) 
0=±E£'— (rad) 

0 = _L IE fc° — * £ & 2 0 CD ¥ # <£> fit (r a d) "C $> 5 „ 
[ 0 0 4 6 ] 

#3l«©±tV^'fyfc , -^|C»LT > Sc h e r r e r CD 5£ £ ig ffl L , SfiA©^^^ 
[0 0 4 7 ] 20 

[ 0 0 4 8 ] 

„ a b# p«a i m m & . ) ? t , attAiiteiHt7 ; e^7r^*{itfciis^ 

fi, &i *Q. S t£ fc x ±IEWAXDS'J^Sr : ff5ri:fcj;'9ESiJ-r5rijJ5pjfg-efc5 o & # % 
If* & 3 J& gfi , H«A«>iafi!t{cJ;-»)Jl*»), IffiAi^Xii^/iSi^i o ot~i 8 o 
t: , @ IB A £5 ffi <b & 5 3§ 2 0 0 <C ~ 3 0 Ot, itlA^^-^^^t,^ 5 ij§ 4 0 0 30 
t~ 6 0 0 t))!SJ LVN, 
[ 0 0 4 9 ] 

HI 2 {c, ijftl (^*gte;tf;*.#iaSvT. I| 5 0 0 t, llfc a B# fr 1 ) l B# ) Srffprirtc 

m m a # & & it \^ m tew n n m & m & m -r o ®2i£7jh-r\Bimmte, m ta a <o m ^ 

#S i % BlBBCDffij&^T i S i 2 <7>AH*t!i£ffc:*fL, iEWAXDfflSinoTffclEl 

tite^tf* £ft & a ic i* , @tiA©ssiiciit5 e-^ 0^^20=28. 4° 
is XTfimstn 2 e = 4 7 . 3° l:«i$^TV>5„ 

[0 0 5 0 ] 

o^H*t^i:?rJt-<St, ^ ^ cd # a* . ft&mi^^/MciS^ffccDiD^&^ASItilsf 

*itti(Eft©@ffiAti^Biros!**5j; , l 1 *<&m.-r z z t \c x zmn A<DB 

6 % ±m®. ft \z £ X t° ^ ± tb I. x © ^ £>J £ J; f9W©J-C#5i:%x.t ) n-5/6^T-fc-5 0 
[ 0 0 5 1 ] 

■atz. tki&miz x ^ x Atfffg&it-t zms-X' h . mi&m&{zt3rtz > miteA<ni&ik*-v- 

4 Xft 5 n m~ 1 0 0 n m CD ©IS X 5 A «B It » UMil: i o t B (9 A «Mf B f t 

X a* l 00nm*8x.TL^7«iM»J:n, ^ & S 1^ * ^ K «fc .5 # ft CD J: 9 '> # ^ 

[ 0 0 5 2 ] 50 
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@ *B A /!>* , Ufa^t-T X^S 5 nm~ 1 O 0 n ni <D ffiffl \C & & <D & M X* h Z> & M & 

m&hmmx&z, m&m\c ± ^ x mft a (D m & & m t* m -s- x- 1> . a& & a & £ *$ r* s la 

[ 0 0 5 3 ] 

ft *3 , -h IE & 3 K J: o T , 3fc Sc tt -f * /v- J: 5 £ {t; tf 5 J: «9 >> ft * ^ *t m Z *] S'J 1~ 5 

m x tf , §a u ^ mttn <r> - sb & m m-t z z t t? ±ib © «t o ft *u su n , * <o « »j 

5 '> < i t> ll»«lt*J!)5i\ tOgl^t-f^^S nm~ 1 0 0 nmOj&BKl&S 
[ 0 0 5 4 ] 

ft *$ , HtSA^lC, Sn, Si N Z n^^Cjui, ^ili, O, C, N, S.Ca.Mg 

• - t-» t-v — =j*L -f-. 'Aiit* m. ( cxa +a a /r> rr a. 

„ r e> w N v N i l x ^ u x ^ r x u „ r /<j. <_ ^ ;l ^ fa a v p to a u w u 

[ 0 0 5 5 ] 
[ 0 0 5 6 ] 

BffiAcosefl«ifttW:a*52SIH]*-e*5*ta»ft«3fi (EJIT, H * it B ) S A/ "C V 
5, rroi5fti«Btt5ii:fc±oti, ft Jfe m if^ ^ £ 5 <z> ft ^ # * « 

[ 0 0 5 7 ] 

4#fF5:^3 (#1 2 0 0 0 - 3 0 7 o 3f&S) (cffl^^^T^S^jfcoAllW^oj;? 
|c % @tBA0>*giIH£#ii&<, BtiA©f8#^:?v>i^, _h !2 L «fc 5 K > ISWfi-^L 
iSr®i^-r-5^i:l'J: , ?M^:wtt^-Wtb*5^&-rs-Blt6lt^foSo @ fg A 4# 

:S co B B B B ft » ft # £ C B ^ . M IftA^S i A^iSI^, S i ogfaffi© 

? *> , 57— mgctcj;^;**^ (110) ma. (ioo) s x k> hmm ^Ji^ti^ ( 

B © *g S # ig » ±!2g a B B ilC iot^^ JftSitiB w#tt3lg!rSiJ»t5;i: t\ 
*i #J ft £ #i) ffi!l L , ft#*ir>f*A'»cJ:3£fls©^*^Affi**f*i:-*-5£i:i6*-etS. 
[ 0 0 5 8 ] 

*£ A * £ B ft , H«A<o*Sa#iSi:»*<5t>©-C*>*ttfJ:v^ 0 
[ 0 0 5 9 ] 

S tB B «f» *s It 5 , & b b b HI it B © £ ft 5 #J £■ fi , 6 0 w t % ~ 9 5 w t%T?feKH!» 
i Ut\ <ti»tt, 7 0wt%~9 0wt%fflS^i:, Ait^oS^#IJi?:#tltfflt 

[ 0 0 6 0 ] 

* £ m Jt b a: , £ m s¥ c *s j; £ m ^ f fah m a ft s '> ft < t t> i a -e * * ^ s ^ 

cOfra^»tC>FtUT, efflB^S#0^ B B B«3g«r»*>ft/55P>> ^cofr^^Sb^Mfp-f-S© 
Cilt-feS ft *s » ^M»C*5«ttJ«^S^F«. ^ 7 ft ^ «t 5 ffi DO S¥ 

[ 0 0 6 1 ] 

JfiE -Cf » ^f- © » » ffi-£fS»cj3V^-C*S**IJt©»»tr*abx *ite^ t l^^roffi^f I 
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o £ <b I- » ^TslScro^^-Cb. ^^'^>'- j e-#>fS-§-l£j;oTaiE£;Jx-5£P«g$Cm 
cm-efc5:i#J:9»*Ll». £fi9 W<0&3£fi v X igg [§] #r ®J £ (XRD) i; i o 

ft ± IE £ P«9 » C m c m Ic fi , XRD{Cj;S[Hlt»f^A5^ £ $ C m c m £ 

^ -r 2 e m a» f> isj A m w * « a ft ow > 7 h l fc t> <*> t ^ * ti -5 „ * *s , •> 7 n « 

2 flllCtottSiSi^ 2 0/45 4 1° jfi T' <fc ^ 1 ° , 2 6 ri* 6 5 ° tf&X'te £ Z 
2° a£#ttH in 
[ 0 0 6 2 ] 

@^Aco^^^lbtc < t«j^ B %«igB|c^^^RS2)S^c.s^rHgti*s j ^ J ^^:#</j;5 0 B B B tg 10 

'i£Blc&^ ; fcP| H a*£j&$*i,5 fc , ®^e>gacD{£T£iB< tltt # fc 5 . 
[ 0 0 6 3 1 

* . *S £ * it B a* , # ^- ( ^ 5 ^ & ^ tc J; 5 g£ p B 1 $M ) o i# t> H3 «Hc , 3£ & tt -7- 

JE 73 % {fc CO © UK 73 > JlE 'Cf ^ *5 «fc U? ffi ^- Jt T ^ ^ /J% § < afc 3 „ 
[ 0 0 6 4 J 

tt $ ii 5 5 w t%~4 Ow t % (DffifflX* &> Q ^ @t§B<Ofifitfc^saS9 5 w t % ~ 6 Ow t % 

SfBACoaftit^a*. 40wt%±t)*$^ (llB(Dfilt$^6 0wt%J:9i$t> 
) it , l&^fc£«>504EACOifflJ£as*#<&5 7ttf>, ftt^Ff'J*V<0^rtgtt/65iiLT<S 

0 f (C@fSA©liJt$i! 5 w t %J; 15 (@1=aBCDaa:it^^S9 5 w t%J;i57C^ 

[0 0 6 5 ] 

£ , i^Tt, SfflAfOlittfi! 1 O w t %~3 0 w t , @ fl B CD fi 

mitmtf 9 0 w t % ~ 7 0 w t % CO US ffl T- So 5 ^ <t a* <$ & £ b ^ . 
[ 0 0 6 6 ] 30 

m?&coii5^*^cofc*icfi, ms&tf)icy^$jx<>&j&m7>>i*:£\,^tr'(m&. @ ts a » « tc 

it LT^tfrHs»itv\ * „ ^^f^tit)l^^?y (Ti) Srttr^t^J; 

fc^tc, * uvo x- h z> & m & * -( m t & & -t z> (mmt^r-(mt<om^a^f^^xh?,) 
r. t £ » -r 3 r t a* -e # 5 a» e> -c *> 5 . 

[ 0 0 6 7 ] 

£ e> in @4s b a* , .ttjm^e^ttcoiisv^T i s i 2 {t;-g-#)Sr^£p^i:^if^L^ 0 t i s 

1 2 <b-&*©»»ft*ttl 0 4 S/cm^--y--C*fc<9, -7--T^m«:<O^C«^Tfo5 1 0" 
5 ~ 1 0~ 2 S/cm^--y-»cH:'<5i:«5AMcm^-fejg14/J5i*i<. f ?>tl5gtB 

* 1 $ X* fc 5 . 40 
[0 0 6 8 ] 

S 7t , T i S i 2 O^faflfigirUTIi. y - t - ^ yfE^|; J; o T«!E$H5 C m 

c m *J £V F d d d a» P> i§ KE ft 5 4> ft < i: lfflco^B%S¥T-^$H5#jt^-g-tfr t ifi & 

* „ Ti S i 2 <*> iHtf? it a* , ^SUCmc mi>P>/f5Ci:#&*Ll<\ 

t i s i 2 co^BHHign, ife^^^K^rfeic-g: l 5 & gfift < , Sffilbfc 

ffi it T- ife o T fc ffi t> * 
[ 0 0 6 9 ] 

$?>IC, @ *B B ft K , T i i S i O7*A-7 7^^e>4 50«i5feJlf<, @ ti B CD & g a* 
[ 0 0 7 0 ] 50 
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*3 » BtBBfCfi. Sn, S i, Zn, 2 Aijcf, M^kM. 2BS%*« 3 B ^7ci 

tf (DTtm&wm. (iftB<D5 w t%«T) ^ a, -c v» -c t> # & v . 

[ 0 0 7 1 ] 

c n ig <o m m 2 ) 

[ 0 0 7 2 ] 

* fc r± @ ta b <d m w z n a -e # -s ft t? #> ft tf # pg $ ax & ^ . ft^tt, > * =■ * * 

Tn^f^^fe (^* = */UTa^^^*n.a) (^JRW^Sffl**. ffi is ^ £ > 8 70 (_ 

1999) * petals ) fcA^w^^igis^^-c-fflv^tf, H«AB*sstiitf«i 

[ 0 0 7 3 ] 

S W 7C 55 r 3 ITM ff C 2 WO ^ v fOBB J * >~ -i_ <ue ■_ , -j_ ui-. w in» • ru — ... - - 

a«rff5 ^ tt, ffi^^SVMCl/iSBlSAtlfflB _LfE@tBAcr>Jllltf>£B 

* tt - » *s ±IB B tB B ic J: o T « « S it * jfif S: * 5 » * «: # S SB 3 © IS i: Sr ^ «> 

[ 0 0 7 4 ] 

* *x , 4# t:: # & fi P& ^ £ ft & v „ 
[ 0 0 7 5 ] 

±ism2<oisic*3tt5^^©^»i:bTtt, fetsmmmte z * R^titt&^o M^mm 

ft . #J x li . a-/u^f = ^^fe» ^ h K 7 y ^ . itt SE » Jfi ffi jS ife » 11 IE tt * tt 

* ^7 , U^7t-SV/S, ^ ^ * * tfe » S it »* SI ft^ ^7-7^ft«S, & & ig 0 
» *& # ft . #*'*;S*7'7-.ybft, /;whx^^ h?^-> 3 yft, ^;ub^t=y^S 

[ 0 0 7 6 ] 

5 i i: # -C # 5 . 
[ 0 0 7 7 ] 

** *• # 5 - t a 5 "C* * ^ . 

[ 0 0 7 8 ] 

imm^mm 3 ) 

#*wo**t«!)i-»«ftco^ta 3 £ js -c ia 93 -r a <> 

[ 0 0 7 9 ] 
[ 0 0 8 0 ] 

n b n tc m m & z -T z * m®htc±te.mJ8&&. i£«fcTtt*&»«4asia! 

tf5. ^©m. ^f^^y h 7 *fl«»K«it»P«8-ej*Pt^tf iv^. iESl fci 
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[0 0 8 1 ] 
[ 0 0 8 2 ] 

&te, ±IEft1SWiN-?rffl^fc#i^lco^TtftP^i-S 0 
[ 0 0 8 3 ] 

tt , ± IE ft 8e *t i: , ***]isJ:tf|g**iJfc£ , J:&*tfM-frai*, ft & ft 1g ft <0 3? 
[ 0 0 8 4 ] 10 

A Steffi v^fe*iSi»**fi % *^e*tt*ff?-5W»T?ifcfttf«McBi:fc3*vfcv*. £&J x if 

, ^ m m m ( is k & m #& * x ) , a it a ie , ffl^ngaft^ro^^r^ h^^ % r-t^u 

7 7 y ? , ^yf 1X^7!/^ f -r v ^ /u- ^ 7 y ^ x 7 7 ~ * *7* ? y 9 ^ 7 ^T*? 
i^--^yu^7 y * & if <£> # - v^y y * ffi , fcmmM. ^ X MM ft 0 t» « tt 

ft d> T- t , AitmiS, 7tfu-y7*7y^ > ^^SSStSrfflv^rir^JJ-S 

[ 0 0 8 5 ] 

ftls^coifeignaijwSsADfite, #te r j£ s *t * . h *. a « ftffittft 1 o onacs 20 

Ut 1 ItSS- 5 OliSBffc 9 , lliS~3 0llg|J*5»S UV\ $ £ . * X 91 te & 
[ 0 0 8 6 ] 

ft@teffl^e>*L5*s;»#ji:L-tfi. nft&mj&B^ nm&m&mmfrKi&m z nit®, m * m 
w-eztii*. %> ss m tt m m , j»w{fctt«riiB<B^^e>-c&ffiv*-ct>«:fc>fcv*. #y 

jjfy^atfp-v, *Uf h77^*cif i/y (PTFE) , # 1> 7 y it tf = 
!) 7 V (PVDF) , l/V 7*^ v'xy JA, f h77yutaif i/^-^aff7;Pt 

oif 7F77/PtPxf l'V-^^ft7^tB7'pei/y#l^f|: (F 

EP) , 7 h7 7/i^tDif i/y-^-7;uta7/i'*/l'K , = ;n-7;l'*l^fl: (PF 30 
A) „ 7 y <k f = ]} x V - ~- -tf- ^ ,u ^- o -? n tT u V * fi ffc , ^yfbfcT^yfv-^D 
B HJ 7*tDif l/y*I^(j£, if Uy-7 h7 7;l'tPif (ETF 

E) , jtfy^aa h!)7/W^-am^^^ (PCTFE) , 7 y fb tf = V =f > ' 1/ ? 7 ;V 

pa-n^afuv^m-S-ft, 7nfl/y-7 h7 7^tnif uyfti#8: s ^ ^- u- > - ^ 
on H)7;^oxf i/y*!A(j; (ECTFE) , 7 j/ftf = U fy-^^t7;Utn 
7n f U y - 7 F77;V^nx^l^y*I^($:, 7 y <k f - U f V - - 7 ;U t d > f /U 
if = /n — F^/PtDif uy*!^*, aL^-i^v-T^ y & * fi -g- ft , i 

fyy-rn^Kftl^ftNaNty^l*, ifuv-^y-yy/u&^m-e-ft. i 
f U y y/w^*fi-&^Na + v 3? « ft , i ^ u- > - r ^ y/u^^^/p*fi-g- 

ft , xfi'y-77y;i'g?^f/i'#i^frNaWty$gifr 1 ifuv-^y-yy^®? 40 

^ f vl' * fi ft , ifl/y-^ * * U/l'S^f/^l^^Na + -f V IS *8 ft ft if £ ffl 
Ki^fti. £ fc, ±fB«)*t^?r«l-^L-Cffl^-C't>J;^o £ <b te , ft t!> T- . x^u 
is 7~ 9 ^> * J* ^ * !; 7 2/ {t f - !i f y , xf i^y-rH^S*!^*, ai^UV- 

T^yyu^^a^-^Na + -r^-^^is^, ifuv-^^yy/w^^a-g-ft, ^ ^ u v - 

^y-yyyv-®?#2-^ftNa"W;*->-3£f8ft. ifL-V-Tyy/w®?7<f/i'#fi-§-ft, if 
u- >- - r y y /w^^ f-;v*l^»N a + -4 Tt-ls&ffiiVt. ^=f-\s^-*9? v jv m * f A* * 
fi ft , if uy-^^D^g^f/l'ftl^ftNa* tyJ?i*^»4L^ 0 
[ 0 0 8 7 ] 

ft U n T- $> *wi4$ \z mfe £ *v ft #lx.ff. * XV IsXffl, - y ^ ^ , ®, f ^ y, 50 
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St. mmvkmrn. *>5v»tt % # — =. v & -a tz & =?■ 9 ^tsBJiiLfcs^^f > 

i^* ft £* £ 5 r <t ^ T* # 5 0 4i>ft,, «i3J:tJ«»^4i»»*Lv\ r *v *b © # ;|sf 

V^ri^fH, * « ft O ff £ li , *|# IS J£ $ ix ft V> . fl| *. I* , l^m~500^mS 
S © SS i t* fe 5 „ 
[ 0 0 8 8 ] 

[ 0 0 8 9 ] 
[ 0 0 9 0 ] 

#J:fc<fci^*#Jft.!f'£-£-iffl;*l-£-£ij£ x sizittsr ttfflt#5„ 

r o o 1 1 

t v-/ vy X J 

iESSttf t LTIi, y^^^^^W^S&JR^fb^^fflv^rL^tfS-et-S,, !) ^ * A £■ 
tttS^Iiftit Ltli, Li x Co0 2% L i x N O 2 , Li x MnO z 

, Li x Co y Ni 1 _ y 0 2 , Li x Co y M,_ y 0 2 , Li x Ni,_ y M y O I 
, L i x Mn 2 0 4 „ L i x Mn 2 _ y M y 0 4 ft^CO^-C^^n-S^JRgf-fb^d^Jf^ 
*V 5 „ fcfc'L, JL 12 » 5£ tC :fc ^ T x M fi , N a , M g % Sc. Y „ Mn, Fe, Co, N 
i. Cu, Zn, A 1 , Cr, Pb, S b i ^ B ^ P.I tf ^ 5 /> f£ < t ^ 1 1© jci f 
9 . yfcitfzli, O^x^l. 2 % 0 ^ y S 0 . 9, 2. 0 g z ^ 2 . 3 <£> ® ffl 

-CWSESftSScltt-efcS. ft *5 , ± IE x <D fig (gp*> x ±IBO^;|C*3ft5Liroffi^^S85ll 

[ 0 0 9 2 ] 

-hieufc^s^-ft^iw^fcit, m & m <m> ^ v > itm . '< ~r i? & & m itvo & x xt 
<o v f- $ J*it&m , = ;*-yiMb**i.fcTJ t -t©!/?-*.Mt-g-to % *r«K**{£«g9td> e> ft -s * 

> # IE S £ *t ft V „ 0(1 £ fi , l/im~3 0//m©®H-C$>5 o 
[ 0 0 9 3 ] 

TMt^^-fb^jg r £ ft ^W^-Cfe^tfifrKPSS $ ^ft vn„ Mx.tf. 3^^HiS < » flfc 
Mm ft if ) , AitS^it'©/77r^ Tffv>7*7y?. *r v ? y 9 

x f t V^^y? ^, 7 r — * 7 y 9 , 7 is -f Zf 7 y 9 „ If — -7 yl' ;/ 7 y ^ ft © 

■7Aftifw^®|&*a, IMfc ffi » » ^^^^^D'J'Aft.tfo^^n^^^x^-a, » {fc ^ 

if Srfflv^5C i*T?t5„ m^?:fi#Ltffl^tt>«b/ii\ ft "C & , AJftJB»» T 
tf i/>^7^iigui\ _k IE » H #J © * »i . »fc:|Rj&£*i,fcv* 0 iEi 

ffitif i o oasgptc^tLT ifi4gB~5 oiia©giffet) , ia*gc~3 o m » g& 
* - > 7 7 y ? m-*? s 7 7 r J h m & m ^ z m & & . 2iisn~ 

[ 0 0 9 4 ] 

IES^^v>€>3a5^^^Ji:bTtt. * & HI B# , m«-&«lis**«:JiK:|S3|lf$*Lfc«jB4- 

«t«Ft?#ixtf, m ^ransfeWjiB * *:f±jft«<fctt«nio ir*, e> v% x fc*t>ft vn. 

_k IE L , AffiteJBv*feft3il&*«£H«©»JIB4-fl§i,*3-i:iiS-c$3 o ft T » !) 
7 y ft tf = !) ^ (PVDF) #V7-h77/U7jra^?-\sis (PTFE) & & H V ^ 
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[ 0 0 9 5 ] 

i&ftx'it^mitz m z. £ t£\,^wnx- frtntftizmm z 0ijx.fi, ^-r^u^gi, r 

SffiteSft if 1- J: 9 . ± IE M « ft <z> * S fc QU db Sr R it 5 ^ t # tft £ L v» . ii m f* o 
l^t Lttt, 7 -f , 7^i'A > > — K * y V , *zsf"v If * 9 fr^ y #?L 

SSfStt, *l£f£»j£^ft. t'Zmi^Z Z ttfX-£ Z> 0 ii«f*<DJ¥£li 10 

\ 4# IC PK 3£ £ *l & V ^ 0 0IJ;ifi. l*xm~5OO/*mg&0>$6ffl-ea>-5,, 
[ 0 0 9 6 ] 

± is je m u w t , igm#j, ^* «-&.*] ©f^«, loit?, f^js Lfcss-s- 

[ 0 0 9 7 ] 
[ 0 0 9 8 ] 

0tJx_ii. Lttt, f»A ic*s v>T{b^^t£jg r. $ t£\,^mmft<ott&X'$>tit£ 20 

# »c pg 5t $ *t & a* , # V 7* u \? u >- $5 xrj-tf y u > & t' <d * u ^ ^ \) — , 

# 7 * *j ct u^nt/.* t'roj&it & ji i> -5 r t a* -c # 5. *©asjp*»*»tciBssix4v^. m 

x. fi , nm&M 1 0 OliSl5l;*f LT 3 0li9J«Toif&5 o 

[ 0 0 9 9 ] 
[0100] 

[0101] 30 

v> 5 r t # -c # 5 o 
[0102] 

^fiO^-^CDJifE^TK^^t LTtt, 0iJx.fi, ^^U^* — jtf^-h (EC) . ^nt'U^ 

# - /tf ^ - h (PC) . Zf f- \s is D — tK^ — h (BC) , xK^— h (VC) 
^ifoa^^-^^-h®, 'J * f- ;l> * — * — h (DMC) , 31 ^ ,p ^ - tK * - h ( 
DEC) , zil =}• j\, * *f- ;V * — h (EMC) , v?/p e^A-*^- h (DPC) & 

^ f >^.£ i* <D Jjg Jft #j # # V ®? ^ 7 1 ;u y - 7* f- a 7 ? h^tef&y-?-? h 40 

1, 2 - *s * Y v- ^ * > (DME) , 1, 2-i/xh^r~>x^y (DEE) , 1 h^f-> 
^h^v-^^v (EME) & <t* (D g| « ^ - 5- ,u fg ^ yh9tKn79V, F 
7t FD77>4ifoSfti-T/l'S, ^ ^ /u /u- * > F\ 1, 3 - is * *c V 7 *s , 
*^^7 5 K, 7t h7 $ K , f A'^yl'A? 5 K , Or =f- V 7 V , 7 t h - h y ;V , 

7ntV^ MJ/K = hn^?y, if yl't; ^7^ A, !) > & h !) ^ * T * ^ b V * h 
^r>^^V v -^t*y7 V^ifl:, ^^/U^/U*7^, 1, 3 - 'J * f- A* - 

l#, fl-nKD??^!!!!, sf/H-f/l', 1, 3 -/D^'yf/i, by, 7 = y 
— /»- . ^ f ^. ^ K . N-^f/ufn!) KV/j:i: , ro#7 , Dh ytttl^I^I^ 
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# — * — hm t nfe-frfem ( m x. a , — hjoiu^^/u^^A^-^ 

[0103] 

* fc , ilErilbW^IlCgg^itSiif^AitL-Ctt, 0iJ X fi . L i C 1 O 4 , Li 
BF 4 . LiPF 6 . L i A 1 C 1 4 » LiSbF 6% LiSCN, LiCl, LiCF 
3 S0 3 , LiCF 3 C0 2% Li (CF 3 S0 2 ) 2 N L i A s F 6 , L i N ( C F 3 
S0 2 ) 2 , L i B, „ C 1 , o , ft»IIBISilE*^*y»y f ^A, L i C 1 , L i B r • 
, Li I, ^ao/J?7Vy^-^A, eg^aixwUTfc^gsy^^A. 5 KliiflrfflV^w 

tifit* # 5 . ±isy f^Ai^ig^Ltl^fbiv^o * , ^^t-t. l i pf 6 ^ffl. 10 
v> 5 i: # # * b v. 
[0104] 

-CW«Ei-;h.tf.kv<» 0 y?-*.k:!a©#**S(Etc*t-*-;5*#*H:, #ftRj££*L*v^ #J x. 

, O. 2mo l/l~2mo 1 / 1 ISw|lfjj 0 , O. 5mol/l~l. 5mol 
/ i a # ■«! #7. > i .x 

/ x lai K /v- v - „ 

[0105] 

Wit Ltli, L i © SE ft » , ^a^yfti, ii® 1 if * I ^ 5 i t ^ f ^ 5 „ #J X 20 
Ji » Li 4 Si0 4x Li 4 Si0 4 -LiI-LiOH. pLi 3 P0 4 -(l-p) 
Li 4 Si0 4 (fcfc'L, p(4. 0<p<lcD|aSB© fit , Li 2 SiS 3 , Li 
3 P0 4 - L i 2 S-S i S 2 „ WEft!J I' ft -frfcfc tiHft«»Si: Lttt> 

#i x fi , i/yt^rt^ K, ^y^'ntf'u^^-dr-^-i'K, # y * 7 r -fe* *"y 

[0106] 

& biz ^ Jfc«#tt^£»«*^*/ufl$te&afcS-r;5fcie>tc, _t 12 @ ft: ft? 5C * |c * gij © 
ft-S-4^ 5: AO 5 r. t h -C # -5 o ffl X fcf , h!lxfyl,7*X77^ h /UT 30 

5 V , — 7^/1', n - ^ 7 A N fcf y >- , ^*t!)y^FP7 

5 K , ^ha-^^-if^^^ft:, iiS7y^=|7At, ^ ^ U > ? 

y = — T ^ 3- 3i — x A- & if t? & 5 . 
[0107] 

tf)3£ft * *T L £>*Wi# \z m7£ £ *t ft v^„ #Jxtf, 

if J; «5 « & 755 - £ w ia ft « _h IC & L fc * & (c, ?L a* ffl « "T £ ft if "C . * ^ ffi fit # it * 
[0108] 40 

is #7*IB»ji»&*S$'-K * fc l& * * if St ffl 5 r 

Hi-en, £ fc . ir^U — * tf> J? £ fi x #J X fi , 10Atm~3 00^m-C*>5„ -fe ^ U- 
-*05pi£?L&te, hJ:?>Jtt«L-fc:iEAlItt*iK * * »J fc if a* a iS L * 

V^ffl-efc-5rir^0*L<. 0»J x ff , 0. 0 1^m~l/imO|Iffc5„ Sit, ir 

u — ^©5F^)^a*tt. -fe^-?^-^^«^-rs*tw©m«i.i^attt^y =?■ <> j*-< *>mm®L 

% ir - * © lg| J* ft if K J; 9 & ^ £ £ # % 0>J X , 3 0 v o 1 % ~ 8 0 v o 1 % © « 

1 t 5 „ 
[01 09] 
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7 -y <t*? - V 7>'t^^t7/vtP7'a f u y t ©*1^ * 4 ffl 5 ; iiSTtS. 
t 0 1 1 0 ] 

ft & , *^BJJwfc(t5*7Kmfi?S-»:«?fefi, i: IB Ift s;i »c ffi ^ R fg) SHc Pft £ £ *i. 5 r i 
*±ft<, Wxli, **v§y. -^-h®, 81 JIM, ftM, 

. [ 0 1 1 1 J 10 

[ m m m i 

»T, ^;MK4 9#^i3)3£$t>lcf¥L<l&0^-r5;JS, * f§ fl 14 . W T <o H IS 0t] K PS £ £ 
tl Z> h (O X J4 ft V „ 
[0112] 

-t'<xm-<nWtibjji£i:mi<^ti 0 
[01 13] 

A^W^+WSlSAO^^fi, W A X D $J f£ 4 9 ffF ffi L fc . WAXDS'J^tt, $J £ « 
ICR INT - 2500 ( 4* ) i¥) £ ffl C u K a i& ( jft * 1 = 1 . 540 5 

nm) & X mm b l,X . HIJrfi2 HSi 0" ~ 8 0 ° ©ttfflTiHJfcSrfTofc. 20 
[0114] 

» Att-T 5 K *4 iB 14 JP Sf £ b , ^wB^^^^-^-^-oiHlKtttc-Sc^-ar.lpjUf^. & 
A © SO Jfc K % # « A /h * < ft 5 £ 5 »c b fc „ 
[0115] 

Hffi AasSftttllBofc -t ©ifcffi^-tf-W X<d*# $ 14. ±EWAXD«So8*C',' ± 

!ES c h e r r e r OS^lfit 5 : i l:i t) *»fc, 
[0116] 

<nm & a*$ zxtmn b <om.i&te . edx (eds) e ± •? h as b it . 30 

[0117] 

* It , @*§A:Jo4U<@*lB<D;i£ B B B *Sig{4 v ±BWAXDMSK:J:oT*6ftfc@Jf»SrlW 

[0118] 

IfflBfC, T i jsiuts i «7 ; e^7r^^ffftt5i5^9z)Mi > 7-^v#)t##f«iJ;£ 
l£ 4 9 fP ffi b „ #J ;t , T i - S i 7^^77^^14158^, 7^>^>:7h460 
m " 1 # i5 \£ 9 V V K & ffl $ jx S „ 7 V # ft j£ 3£ S 1^4 . Rama on or 
T-64000 (J ob i n Yvon/SS^K) Sr ffi ffl L . ffl'J^t4, ^ l?i # * # H 

(Cf4A r + U- -<f — (mtS 5 0 m W *5 4 1 0 OmW) £: ffl W If — A £> * # y Y%.^m 40 
2 0 0 m m i: b , i/-f-*i 8 0" 15: SI IE S ('<y***+y*!>:<'^ j e-K> tc T $J 
£ b 1t a 
[0119] 

A^fcts&^WHflAi^tfaflBtcoi^-c, _h IE © 4 5 K , ffl^g. Hfl? it ft <h* £: fF ffi b 

) oPFffi^rtf ofc„ 
[0120] 

:ft@f4J£lTtf>4 5lcf£S!L;fc„ &fl;fe#lT-f£§abfcA;|£**;|sf7 5fifig&t;:>!*b, ® #J <!: 
LTT-fe:^UV^7-y^ (AB) 2 0 fi ft gfl £ , if |]t Lt^P 7 yftlf=yf^«tJI 
5fiftgBi: bfc. ^©^^^£N-^^/U-2-en!/Kv(;:#tli:$-tt-T*7!)- 50 
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mm ( ff £ 1 4 y m ) *^*5«g*®frl:f OOMmfl*L> ft ft & . 

mm L T A H £: f# fc <, 
[0121] 

]E ^ fi T <n «fc 5 {cf^^LfCo ^A^JS Sli^l^L^ g M i: L T 

-fr**M*N-*^A'tfo |c£fl*S*-C*?y— tH, T /U 5 = ? A fg ( ff £ 

2 O /z m ) ^t>/i5IEi*I»:±ICjf $ 1 5 0 « mfi# & ft , EILTjEI^H 

[01 22] 

^^w^^ — tj?^ — Ftif^Mf^* - # * — h t <om&mm ( ft: « it l : 1) «w 

L i PF 6 Jrl. 5mo 1 / 1 ©)§a-C^»$tfc#*«)Sli: ^fflV^t, H3(C^Lfc 
i9^Rf«^0^7k*«f«-^m?lb^^S3LfCo *3 , flOtilllSmm, Si £ 6 
5 Ommt Lfc, 
[0123] 

<=& Mi sr\ l'^- V fV ~hr 4-U *5» -tf. * >» .» *fc 14. /r. 5HT Air >-». f»t I 1- - i — A.—. J. 

ie, iia »^ «■ a, .fj w /ax. te. v 'i / /k i<r iac g-r iiiii »=t JiA r vj v u <> 
[0124] 

2 O c CcDtlfS1§3'{C:i3V^, S ?& « ffi # 4 . 2 V {C ft 5 £ "C 1 0 0 OmAW^tlfSi 
<om. II ffe « JE # 2 . 0VK4«4fl O 00mA©St»-e»tt5*atf 'f 
^vH:*9igLfc. ±B3tfttt-f ^>Hil O Ot>f ^A'ffofc, 2 t-f^^@0|tSt 20 

m&m.m<v$imtkm.®m t sjjfi&msitcst-rs 1 o o -9-4 ? /u a ©&«&a<Djt$: 

[0125] 

(Hife^J 1 ) 
*HliS0iJ-C-^Slibfc:AStt^€r*l (c^-r o 
[0126] 
[* 1 ] 
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m t L "C , -iJ-VTZ/WA 1 ©ff|3*)£Sr*t t 
[0128] 

S n^?)*5@WAASAi0Sro2 OliSl!^ Ti 6 Sn 5 fa h -5 @ *B B # ft mtt <0 
8 OliSSiiSi SntT iOS^ft^HOOt-eSIL, ^rOjggi^Sra- 

V . @ @ $ it „ #^>tvfc^@^*^-/w5/i-^§g(clgALfc^, & S 40 
IhI iB 51 & 2 8 0 0 r pm(Cjo^t^*=*/l'7n/fi//tei4'ff 

T ^ ^ 4 5 m m^T^a^t L , ft « » » A 1 * fls « U . 
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^©I©ty/;H;o^tt« tV7"^A 1 i: l^ti:, @4§Afcit/@*BBdS*llc^-r 
i»figfc±tJ!If Jt?t*5J: -^vr^Al~A5, A6~A9li^tL^r*tl, 
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±IE(iC»J;9f-f^S3Lfc-^>7'/UAl~A9, -^^7 , '/UBl~B9. t ^Z/K 1 ~C 9 I: 50 
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£r S 2 {c^-^-,, 
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[0132] 

tV/^A 1 ~A 9 Og*lCOV>tiSSt5. * 2 (C^f £ P K , t>y/>Al-A9^ 40 
StlCWAXDaiSI:lTofci r 5, ^)Se&lOlj>ofcfy//UA 1 *i 4 tflh > ^/U A 

9 T* 14 , @ *§ A co A B lc jf A -T Z h° - * <b tt te „ ^-^l$FI^ 1 0l$FaEt±T'$)5 
■t CO fifi, (D if V 7° /U T* J4 , m ffi A CO H ffi (C Jft JR -t 3 tf - * f4 # tt o fc „ 

[01 33] 

fc° — ^ CO # ^ ft & d> o # f- >• /l^ (•^>7°/'PA2~A5 x -tJ-VX/UA7~A9) lC *f L 

T % SttAO«-»*ift©JSSrW<afc«>fc — SBJftftia (^fitt^^SItT, 1 5 0 t , 

1B#KI) £*tV^ m&m&<Dg.mW$l\zM It , WAXDfflSlr'ff ofe 0 tS!:, ift&S 

K 4 o T @ *B A 4> {;! B B B # /£ fi L- , ±T©ty/;U-Cll8A©Sa B a Etj|at5 

# ft fc o * fc , co & S •*>- -f X (4 „ f- > 7" /w co fig Pel *s 4 v^ {5 if /h $ ^ |t ft o 

= MSaS^co^Bl^-y-^Xfl, SR*Q ! SBfFcO«iT--^^XSrSB*LT^-5i#xlbtt.5cOT', 50 
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/i5iffiAiS#e>titv^w i: ;b A> -5 „ 
[01 34] 

t^^^A 1 ~ A 9 5rH^tcm?ai1-m^ji/uT* 1 ~ A 9 <£> £ If- V :/ o V n 

pic, mtQ!mffi\cmnA<Di&&m\cffimi-&¥ — * # & t> tit* a* o it •* * » 

•fc. WJ»»c«S*fctt*0>liJfc«SEU-C, + feftTi^ 5. — * 

[0135] 

* Ac , UiaSf ©SIS Aic^l-t 5g B B B f-tY «S!l^tti:<?)tSi5r^t^5i:, g& & S 
[0136] 

£ fc . B tB B # & Jg fffl jfc 4fc T i 6 Sn 5 i^^SS^tt, BfiB^T i tSntOH 
[0137] 

ft*s. iJaig ic s b*b a a* 7 r * #118*3 ± {£ ,11 # At a> e> istitt 5 < 20 

£ t> 1 1©^S-C$>5^, troSSsIf tYX^S 5 n m ~ 1 0 0 n m©Ill:fc5ty/^ 
4#tecoi¥ffi£fTofc£ - 5 , «]»SttSiiS 2 2 4 OmAh> ^*^i^^^90%£, 

[0138] 

•tf-^T-yUB 1 ~ B 9t3,ta!ty/;WC l~C9JCOl^T&, t>'7'^Al'-A9i:^<ll 
CM(S]5r^-r^^:i:nco^: 0 « 2 K ^ J; 5 fc, m ftt SSfMc H fg A © H ® k M JR f 5 ^ 

— * a* » b H o fc 1>- >- :/ ^ T- , ^*iffi^f^/6S9 O%WJhfct£*0iJ«fc<93fc#L-C^-5;i 

— # , If >- 7" B 1 , B 5 , CI, C 6 roi 5 l:> HtiA^S^TJ^big^Str-fc-SihVT 0 
a^THU *0 »i # m 4 «: S£ Jfe 0»J J: 9 *t ^t>roo, *#IS»*lc^:* < *5tt*fc4ofc 

o ft *3 . If V :/ /U A 4 (iffiAiSS n) tl^^HC, #J X. C£ , tV^^B? ( @ *B A /J5 S i 
) , C4 (BfliAriSZn) <c?|:o^Tt), S!i*&9&0>ft1Ett& £ 31 |g (cm ?& t- m & A, 

[0139] 

S , »»HI©B«Ai:*}»t5»if f Y Xitft»ttkO«l!SSr*t*5i:, tv^ 
/t'Al~A9roS-a-£pl«ltC > ^S^t'f X©i;t^!5 nm~ 1 0 0 nm«)iil:Jo^ 

? ;u&&[zmixit -}km.m&mm.~e 2 x z> ^ t & & t>> z> . 1$ 1- , b *s a & s i a> e> 4 5 

, •^V7'/UB2~B3. B 7~B80«J«»t§ili 2 3 0 0 mAh«J:i:^#<(SliL 
[0140] 
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